Abstract
DG siting and sizing are presented in [3]- [9] .
23
DG siting and sizing is a multi-objective optimization problem classifiable 24 into two groups. The first group focuses on economics of the system [9] - [17] .
25
With respect to islanded microgrids, minimization of total annual energy 26 losses and cost of energy for distributed generation is an area of much interest 27 to investors [10] . One study [9] presented a multi-objective optimization droop-based microgrid is presented in [14] .
35
The second group focuses on the optimal design of a microgrid based on (1)
Loss calculation

89
Consider a line of impedance (R + jX) Ω connected between two nodes 90 through which current I i is flowing. This current (I i ) can be expressed as:
Real power loss in the line can be calculated using :
where, I is the sum of individual line loss which is
Small Signal Stability Margin and Constraint
95
In this study, small signal stability margin is related to droop parameters.
96
Higher droop is desired for better power sharing and transient response. as system variables. The droop constants are designed using (6) and (7). For 
To perform Eigen value analysis, draw the root locus plot and calcu- Figure 3 shows the plot between m p,max and Z, while Fig. 4 shows that λ 12 goes into an unstable mode at a lower value of m p than λ 13 .
185
In Fig. 7 , λ 12 starts at -15.7 ± j 6.2054 and reaches the imaginary axis From the operating points, state space matrix is obtained using (1). Root the DGs for all these cases are presented in Table. 3. can be a serious problem when the reliability of the main grid is poor.
225
• The interaction of low-frequency modes between various DGs is differ-226 ent and the location of some inverters is critical (inverter 2 in this case) 227 with respect to the stability.
228
• Stability margin (gain of droop constant) is a function of minimum 229 distance between the generators in an islanded network.
230
• It is important to choose an optimal location for these generators by considering stability and network losses. The locations of generators should depend on network losses and overall 234 stability of the system. For multi-objective optimization of the DG network,
235
Pareto optimal front should be identified. Data in Tables 2 and 3 the optimal placement of sources in a grid-connected microgrid is not 247 optimal during islanding.
248
Critical observations from Pareto fronts (for 22 bus practical system) are: Table 2 ) and for the practical network (case -1 of Table. 3) are shown in Fig.   261 19 and Fig. 20 , respectively.
262
The system is stable and sharing power as per the droop law. The effect 
